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Supplementary materials and methods
Identification of miR-206 targets
Identification of miR-206 target genes was conducted as previously described with minor revision (1) . To identify genes with binding motifs for miR-206, we downloaded the target gene databases of miR-206 based on TargetScan (2), Pictar (3), and Starbase (4). Only hits from TargetScan or PicTar algorithm that were confirmed by Ago HITS-CLIP (high-throughput sequencing of RNAs isolated by crosslinking immunoprecipitation (HITS-CLIP) from Argonaute protein complex) were selected.
These three databases were compared using Microsoft Access 2000. We then carried out Gene Ontology analysis using PathwayStudio software (Elsevier) and compared with established and potential therapeutic targets for HCC(5-9) and obesity-related metabolic disorders (10) , yielding 6 potential targets that have miR-206 binding motif (Supplementary Table 1 ). Our prediction from in silico algorithms showed that 3' UTRs of Ptpn1 mRNA are 100% complementary to the miR-206 5' seed region exhibiting the highest prediction scores and binding energy. In addition, the seed regions are conserved between the species of mouse, human and rat.
Reporter vector construction and luciferase Assay
To generate the luciferase reporter vectors, 3' UTR of Ptpn1 were amplified by PCR from mouse cDNA, and inserted into the pMiR-Reporter vector (Ambion), referred as pMiR-Ptpn1. Two bases of the binding sites for miR-206 within the 3'UTR of Ptpn1 were mutated using QuikChange II Site-Directed Mutagenesis Kit (Agilent Technologies) per the manufacture's instruction, and referred as pMiR-Mu-Ptpn1. 24 Lipofectamine 3000. 24 hours after transfection, cells were washed using cold PBS and the total RNA were isolated for gene expression analysis.
Histological analysis
Liver samples were embedded in Tissue-Tek OCT embedding compound, and frozen on dry ice. 8 µm-thick sections were cut with a Leica CM3050 S cryostat, air-dried, and fixed in 10% formalin. After washing, sections were stained with an Oil-Red-O (SigmaAldrich)/60% isopropanol solution (Fisher Scientific). Briefly, sections were rinsed with 60% isopropanol and stained for 20 min with prepared Oil Red O solution (0.5% in isopropanol followed by dilution to 60% with distilled water and filtered). After rinses in 
RNA isolation and quantitative reverse transcription-PCR (qRT-PCR)
Total RNA was isolated with miRNeasy Mini Kit (Qiagen). To assess gene expression, 1 µg RNA was used for cDNA synthesis with Superscript III reverse transcription reagent (Invitrogen). PCR amplification was performed at 50°C for 2 minutes and 95°C for 10 minutes, followed by 40 cycles at 95°C for 15 seconds and 60°C for 1 minute in a 7900 real time-PCR system with SYBR green (Applied Biosystems). For each sample, we analyzed β-actin, GAPDH or 18S rRNA expression to normalize target gene expression.
Primers for qRT-PCR were designed with Primer Express software (Applied Biosystems).
To determine levels of miRNA expression, 10 ng RNA were used for miRNA-specific cDNA synthesis with the TaqMan MicroRNA Reverse Transcription Kit and Taqman MicroRNA Assays (all Applied Biosystems). PCR amplification was performed at 95°C for 10 minutes, followed by 40 cycles at 95°C for 15 seconds and 60°C for 1 minute in a 7900 real time-PCR system (Applied Biosystems). The small RNA Sno202 and RNU6 were used to normalize target miRNA expression. Relative changes in gene and miRNA expression were determined using the 2 -∆∆Ct method (11) .
Blood lipid analysis
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Blood was collected into tubes from cardiac puncture of C57Bl/6 mice. Serum was separated by centrifugation (3000 x RPM for 20 min at 4 °C and triglyceride (mg/dl, Roche Diagnostics) was quantified enzymatically. Serum chemistry was carried out by the Pathology Laboratory of the University of Minnesota.
Hepatic lipid analysis
Mouse liver (100 mg) was placed in 1 ml chloroform/methanol (2:1) mixture and incubated on mice for 10 minutes before homogenization. Lipids were extracted from liver homogenates through room temperature orbital shaking (2 hours) followed by centrifugation (5000 RPM for 5 minutes). Supernatants were collected and washed with 0.4 ml chloroform/methanol (2:1) mixture by centrifugation at 5000 RPM for 20 minutes (room temperature). New supernatants were washed with 0.2 volume of 0.9% NaCl.
After centrifuging for 5 minutes at 5000 RPM, supernatants were removed and lowerphase was dried at 42°C. Dried lipids were re-suspended in 2% Triton X-100. Liver triglycerides were quantified via a colorimetric assay using a triglyceride assay kit from Roche Diagnostics according to the manufacturer's protocols.
Western blot analysis
Western blot was performed following standard procedures and analyzed by LICOROdyssey infra-red scanner. Primary antibodies of Ptpn1, py-PP2A and PP2A were purchased from Abcam; phosphorylated Insr, Insr, phosphorylated Irs1 and Irs1 were purchased from Santa Cruz. [11] 441 [11] The numbers in the columns of Target 
